It is conjectured that human survival has depended to a large extent on accurate social judgments and that, as an evolutionary consequence, modular cognitive processes are devoted to such functions 1 . Neuropsychological studies and human functional imaging provide partial support for this idea of a dedicated 'social intelligence', particularly studies that address perception of facial expression 2-7 . However, facial emotional expression is only one aspect of social judgment made about others. In many situations, individuals must also decide whether another person is someone to approach or avoid, trust or distrust. Preliminary evidence regarding the neural underpinnings of this sort of evaluative judgment comes from studies in which patients with bilateral amygdala lesions make abnormal social judgments about others based on facial appearance 8 . These abnormalities are most pronounced in relation to faces that received the most negative ratings by control subjects. Notably, such deficits are not apparent in subjects with unilateral amygdala lesions 8 . Patients with damage to ventromedial prefrontal cortex also have difficulties with trustworthiness decisions 9,10 .
Successful social interaction partly depends on appraisal of others from their facial appearance. A critical aspect of this appraisal relates to whether we consider others to be trustworthy. We determined the neural basis for such trustworthiness judgments using event-related functional magnetic resonance imaging. Subjects viewed faces and assessed either trustworthiness or age. In a parametric factorial design, trustworthiness ratings were correlated with BOLD signal change to reveal task-independent increased activity in bilateral amygdala and right insula in response to faces judged untrustworthy. Right superior temporal sulcus (STS) showed enhanced signal change during explicit trustworthiness judgments alone. The findings extend a proposed model of social cognition by highlighting a functional dissociation between automatic engagement of amygdala versus intentional engagement of STS in social judgment.
uative social judgment. Processing of facial emotion can be implicit, occurring when subjects make judgments about facial attributes unrelated to emotion (for example, refs. 5-7, 15, 16) . To establish whether trustworthiness judgments might be similarly processed, we used a task in which subjects viewed faces while making either explicit judgments whether an individual was trustworthy or an unrelated age assessment. To account for individual differences in trustworthiness judgment, we acquired ratings of trustworthiness for each stimulus from each subject after scanning and used these ratings as parametric covariates in our subsequent analysis. Based on the models of social cognition outlined above [11] [12] [13] [14] , along with the neuropsychological findings 8 , we predicted that discrete brain regions, the amygdala, orbitofrontal cortex, fusiform gyrus and superior temporal sulcus, would be implicated in trustworthiness assessments. Consequently, these areas formed regions of interest in our statistical analysis. Our data indicate that social judgments about faces involve such a network and that this network is differentially modulated by implicit and explicit evaluations.
worthiness rating, 4.0) were rated as significantly more trustworthy than 'neutral' faces (mean rating, 3.9), and 'angry' (mean rating, 2.7) and 'sad' (mean rating, 3.6) faces as significantly less trustworthy (p < 0.01 in all cases). Mean trustworthiness scores (Fig. 1a) were significantly correlated with mean scores for anger, happiness and sadness from the second group of subjects (see Methods) (p < 0.01 for each, two-tailed; Fig. 1b-e) .
Neuroimaging
Linear contrasts were performed to produce statistical parametric maps (SPMs) of the main effect of task (explicit or implicit processing of trustworthiness), the main effect of trustworthiness and the interaction between these two factors. An additional model in which the effects of facial emotion of the stimuli were included as covariates of no interest was used to generate an SPM related to the main effect of trustworthiness independent of effects of facial emotional expression. ; Z = 4.27; p < 0.05 small volume corrected) when making judgments about trustworthiness compared to age. For illustration, using threshold p < 0.001 uncorrected, extent threshold of 5 voxels. (b) BOLD signal measure categorized by task and trustworthiness of faces. 'Low,' 'med' and 'high' refer to the least trustworthy third, median third and most trustworthy third of faces calculated in the second model described in Methods. The y-axis represents mean (across subjects) percentage signal change relative to whole brain mean over scanning session for each event type. There is no clear pattern of response to the faces according to trustworthiness. Note that statistical inference is drawn only from the parametric model described in Methods, and not from the illustrative model in (b).
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nature neuroscience • volume 5 no 3 • march 2002 A significant activation in the explicit compared to implicit task, independent of trustworthiness, was found in the right posterior superior temporal sulcus (x, y, z coordinates, 56, -44, 4; Z = 4.27; p < 0.05, corrected for multiple comparisons across a small volume of interest; Fig. 2 ; Table 1 ). Additionally, primary visual cortex was significantly activated in this contrast. Attentional and emotional manipulations are known to alter neural responses in early visual cortex 17 , and we propose that similar processes engendered by the explicit task account for this latter activation.
As predicted, significant bilateral amygdala activation was evident in the contrast of untrustworthy to trustworthy faces (right, -18, 0, -24; Z = 4.29; left, -16, -4, -20; Z = 3.92; both p < 0.05, corrected for multiple comparisons across a small volume of interest; Fig. 3a) . This examination of parametric data based on each subject's ratings of faces indicates that more untrustworthy faces evoke greater BOLD responses in the amygdala ( Fig. 3c and d) . Table 2 presents regions highlighted by this contrast as well as regions highlighted as more responsive to faces rated as trustworthy.
To ensure that the main effect of untrustworthiness was not driven by a highly significant activation in just one of the tasks alone, a masked conjunction of simple effects of trustworthiness under implicit and explicit task conditions was carried out (Methods). This analysis confirmed that bilateral amygdala, fusiform gyrus and right insula showed significant responses to untrustworthy faces independent of task. Notably, left STS activation was not observed in this contrast, and a post-hoc test revealed that the effects in this region were driven principally by trustworthiness judgments under the explicit task.
The contrast pertaining to the interaction of task and trustworthiness demonstrated an area in the lateral orbitofrontal cortex (-28, 42, 10; Z = 3.73, p < 0.0001, uncorrected) responsive to untrustworthy faces in the implicit task and to trustworthy faces in the explicit task. However, this activation failed to survive correction for multiple comparisons across the entire volume of orbitofrontal cortex. No other areas about which we had a prior hypothesis were revealed in this contrast or in the reverse interaction term.
Using an additional model that partialed out effects from facial expression of basic emotions in the stimulus set, we performed a random effects analysis across the 14 subjects.
Even under these stringent criteria, right amygdala activation was still evident in this model at both uncorrected (p < 0.001) and small-volume corrected (p < 0.05 corrected for multiple comparisons across bilateral amygdala volume) thresholds (Fig. 5) . This activation (peak at 22, 2, -18; Z = 4.06) overlapped with that reported in our primary model. At lower thresholds (p < 0.005, uncorrected), there was additional activation in left amygdala.
DISCUSSION
The question addressed in this study was whether the dimension of trustworthiness in faces and the process of making social judgments are associated with distinct patterns of brain activation. By implication, the study is an explicit test of a proposed neurobiological model 11 . The principal findings of activation in amygdala, orbitofrontal cortex and STS are highly consistent with this model. We also extend previous lesion data 8 by showing amygdala activity in response to untrustworthy faces regardless of whether subjects were explicitly making trustworthiness judgments. This finding echoes earlier studies of obligatory threatrelated processing in the amygdala [18] [19] [20] [21] . In contrast to many imaging studies of facial emotion (for example, ref. 5), the amyg- but no differential activity according to trustworthiness. In other words, the right STS was activated when subjects made explicit judgments about trustworthiness. In this regard, the STS showed activity when subjects were required to make inferences concerning the likely intentionality of others. This region has been implicated in functional imaging studies on biological motion 35 and biological-like motion 36 .
More critically, activity in posterior STS and adjacent regions at the temporo-parietal junction is observed when subjects make theory of mind inferences [37] [38] [39] . This region is suggested to be involved in intention detection 40, 41 , rather than biological motion processing per se. Intention detection is a critical component in determining whether or not to trust an individual, which may explain the activity in this region in our study.
Evidence from human patients with discrete lesions of orbitofrontal cortex indicate that this region is critical for complex social judgment 9, 10 . Unlike the amygdala, this region showed taskdependent activation. When subjects made explicit judgments of trustworthiness, this region responded more strongly to faces deemed trustworthy. By contrast, when judging age, this region showed greater responses to untrustworthy individuals. Other studies have reported similar task-dependent responses in lateral orbitofrontal cortex. For example, responses in a region of lateral dala response to untrustworthy faces was bilateral, supporting neuropsychological evidence that patients with unilateral amygdala lesions can successfully make trustworthiness judgments 8 . To our knowledge, no previous study has demonstrated an automaticity of amygdala response during complex social judgments.
In addition to the amygdala, the right insula was also activated by faces that subjects considered untrustworthy regardless of task. The insula is activated in a wide variety of functional imaging studies of emotion (for example, refs. 22-25). One suggested role for the insula is the mapping of autonomic changes as they affect the body where such mappings form the basis of 'gut feelings' about emotive stimuli 26, 27 . Thus, a possible explanation for the insula activation that we observed is that a consequence of amygdala activation is the generation of autonomically mediated changes in bodily states, which are then re-mapped to the insula.
Differential activation in face-responsive regions of the fusiform gyrus was observed in relation to trustworthiness in face stimuli. Increased activity is found in modality-specific cortical areas in response to stimuli with emotional content relative to non-emotional stimuli (for example, refs. 20, 21, 28-31). Enhanced extrastriate activation in response to emotional stimuli has been attributed to modulatory influences from the amygdala 32 , possibly mediated by anatomical backprojections 33 . Indeed, a human lesion study highlights a possible role for the amygdala in enhancing perceptual processing of threat stimuli 34 . We suggest that such processes extend to faces representing potential threat at the social level and that a neural consequence is enhanced fusiform activation.
The right STS showed task-related activation in the explicit judgment condition orbitofrontal cortex vary between preference and recognition judgment tasks on the same stimuli 42 . A dissociation between implicit/automatic social judgment and explicit (laboratory-tested) social judgment has also been reported in a patient with orbitofrontal cortex damage 9 . This patient remained able to evaluate social situations under explicit task instructions but was impaired in day-today ("automatic" 9 ) social judgments. Note that activation in this region did not survive correction for multiple comparisons in our study, and we emphasize effects in this region based on its known involvement in social judgments 9, 10 . Several regions of interest in this study (amygdala, orbitofrontal cortex and insula) are activated in processing specific facial expressions. Facial expressions of fear consistently activate the amygdala 5, 6, 43 , whereas facial expressions of disgust activate the anterior insula 6, 7 . Additionally, we demonstrate correlations between the trustworthiness scores and scores for facial emotions attributed to our stimulus set (Fig. 1b-e) . Consequently, one possibility is that differential patterns of activation seen in this study reflect influences from one or more emotional expressions alone. We assessed this possibility by analyzing the fMRI data with additional nuisance covariates pertaining to the degree of emotional expression of each of four basic emotions (anger, fear, happiness, sadness). A significant right amygdala response to untrustworthy faces persisted, even after this secondary analysis accounted for the variance attributed to facial emotion. These results suggest that facial expressions of emotion provide a constituent element in making trustworthiness judgments but that amygdala responses also were independent of these effects. Notably, patients with bilateral amygdala lesions show deficits in making social judgments in the context of maintained ability to use information about emotional expression of face stimuli 8 .
It is interesting to speculate how the results of this study might generalize to social judgments about stimuli in other modalities. Patients with bilateral amygdala lesions are able to make accurate trustworthiness judgments based on verbal reports 8 . It is plausible therefore that amygdala involvement in trustworthiness decisions may be modality-specific. This hypothesis could be tested in follow-up experiments involving trustworthiness judgments about vocal stimuli, or scenarios about individuals based on written descriptions. Our prediction would be that superior temporal sulcus activation would remain in these other contexts and that fusiform modulation would be substituted by modality-specific cortical responses, for example, auditory cortex in the case of vocal stimuli.
In conclusion, we present functional brain imaging evidence for a neural substrate of social cognition that conforms to a previously proposed neurobiological model 11 . Our data extends this model by highlighting a dissociation between automatic and intentional engagement within this proposed circuitry. Thus, social judgments about faces reflect a combination of brain responses that are stimulus driven, in the case of the amygdala, and driven by processes relating to inferences concerning the intentionality of others, in the case of STS.
METHODS
Subjects. Informed consent to partake in a study approved by the Joint National Hospital for Neurology and Neurosurgery/Institute of Neurology Ethics Committee was obtained from 16 right-handed Caucasian volunteers (8 male, 8 female; age range 18-30 years; mean age 23.3 years). Two subjects (both females) were excluded from the analysis; one revealed psychiatric history after scanning and another provided extreme trustworthiness ratings. (Spearman's rho of correlation of ratings with mean of all other subjects, -0.445; for all remaining subjects, Spearman's rho values were over 0.3.) All remaining subjects were free from psychiatric or neurological history. All subjects except one had completed more than two years of post-16 education, and mean length of post-16 formal education was 4.8 years.
Stimuli. Grayscale frontal images of 120 Caucasian male faces were selected from a larger selection of images following a pilot study outside the scanner. The images were selected to cover a range of trustworthiness scores rated by the subjects in the pilot study (n = 30; 13 females, 17 males, ages 17-32, mean age 23.5), but to score as low as possible on ratings of 'happiness' and 'anger' . Gaze direction of all stimuli was directly forward. Stimuli were adjusted to be of approximately equal size and luminance and manipulated such that each face was centered on a gray background in a 400 × 400 pixel image. Of the 120 stimuli used in the imaging study, 60 were high school student photographs and 60 photographs of university students. There was no significant difference in average trustworthiness score between the two groups (Mann-Whitney U test, p > 0.90).
Psychological task. The scanning session for each participant was divided into two parts. In one half of the session, 60 faces were presented sequentially, and participants made a judgment, indicating with a pushbutton response, whether the face was a high school or university student. In the other half of the session, they judged whether the face was trustworthy or untrustworthy. The order of tasks was counterbalanced between participants. At the start of each task, a word appeared on screen informing the subject of the task requirement ("School/Uni" or "Trustworthiness").
Stimuli were presented on a gray background once each in random order, randomly interspersed with 60 null events. Each stimulus was presented for 1 s with an inter-trial interval of 2 s. Between faces, a fixation cross was presented. Null events were of 3 s duration, during which time a fixation cross remained on screen. Stimuli subtended visual angles of approximately 10°vertically and 5°horizontally.
Image acquisition. Subjects were scanned during task performance using a Siemens VISION system (Erlangen, Germany) at 2 Tesla to acquire gradient-echo, echoplanar T2*-weighted images with BOLD (blood oxygenation level dependent) contrast. Each volume comprised 33 × 2.2 mm axial scans with 3-mm in-plane resolution, and volumes were continuously acquired every 2.5 s. Subjects were placed in light head restraint within the scanner to limit head movement during acquisition. Each run began with 5 'dummy' volumes (subsequently discarded) to allow for T1 equilibration effects. Additionally, a T1-weighted structural image was acquired in each subject. Main effect of trustworthiness in amygdala independent of facial emotion. Significant increases in BOLD signal in response to untrustworthy faces in right amygdala even when scores for four basic facial emotions are additionally used as parametric covariates in the analysis. This activation is significant at p < 0.05, corrected for multiple comparisons across the volume of bilateral amygdala. Activation peak at 18, 2, -22 (Z = 4.06), but overlaps with right amygdala activation focus shown in Fig. 2 . At lower threshold of p < 0.005 uncorrected, activation is evident in left amygdala.
